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POWER BUDGETING WITH DEVICE 
SPECmC CHAR ACTERIZATION OF 
POWER CONSUMPTION 

Aty;'^""^"^ qpthf invention 

1. PIELP OfTH F iNVeNTIONt 

The present invention pertains to the field of computer 
systems. More particularly, this invention relates to computer system 
power managemoit with device specific diaracterization of power 
consumption. 

2. BACKGRQUNP: 

Computer systems such as portable computer S5rstems, desktop 
computer systems, and server s)rstems t3T>ically indude a power 
supply subsystem. Such a power supply subsystem supplies electrical 
current to the components and devices of the computer system. For 
example, portable or notebook computer systems typically include a 
battery subsystem that supplies direct current (DC) to devices and 
components. In addition, desktop or service systems typicaUy include 
a power supply that converts an alternating current (AC) power source 
into DC for the devices and components of the computer system. 

Typically, such power supplies impose limits on the amount of 
electrical current available to the computer system. For sample, a 
battery subsystem for a typical prior notebook computer usually 
provides a limited level of peak electrical current for a limited 
duration before battery replacement or recharging is required. In 
addition, the AC power supply in prior desktop or server systems 
typically imposes an upper limit on the amount of peak electrical 
current available to the computer system. 
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Such limits on the availability of electrical current typically 
imposes a variety of constraints on the operations of computer 
systems. For example, a desktop or server system having multiple 
rotating media mass storage devices such as disk drives may exceed 
the capacity of the power supply under some conditions. Such disk 
drives usually draw maximimi electrical current during startup while 
the disk platter spins up to the appropriate angular speed. The peak 
electrical current draw in such a system may exceed the capacity of the 
AC power supply if multiple disk drives startup concurrently. Such 
strains on an AC power supply typically causes the power supply 
voltage level to drop below normal operating levels. Such low 
voltage levels may cause hardware errors and erroneous system resets. 
Similarly, excess electrical current draws on the battery supply in a 
notebook computer system may cause lowered voltage levels and lead 
to hardware errors and erroneous system resets. 

Some prior desktop or server systems implement an over- 
designed power supply capable of supplying the peak electrical current 
required to spin up multiple diskdrives concurrently even though 
normal system operation does not require such peak current levels. 
Unfortunately, such high capacity power supplies typically increase 
the cost of such desktop or server systems. In addition, such high 
capacity power supplies are typically less efficient over a wide range of 
electrical supply current in comparison to lower capacity power 
supplies. 

Other prior computer systems implement power management 
mechanisms that attempt to control the amoimt of electrical current 
drawn from the power supply. For example, a prior desktop or server 
system may provide a controlled startup sequence for the disk drives 
that prevents the system from exceeding the maximum electrical 
current capability of the AC power supply. In addition, prior power 
management mechanisms for notebook computers typically switch off 
the display screen backlight during a startup phase of a disk drive or 



wo 96^9764 



PCT/US95/16337 



-3- 

during some other activity that requires a large electrical current draw 
from tiie battery power supply. 

Sudt prior power management schemes usually rely on hard 
coded values for flie electrical current requirements of the computer 
system. Such hard coded characterizations of power consumption are 
typically based upon average current consumption measurements 
obtained during manufacture. Unforttmately, such hard coded values 
typically provide inaccurate characterizations because the actual 
electrical current draw of any given device or combination of devices 
usually varies from sudi average values. Such inaccurate device 
power characterizations can lead to excessive ciuxent draws on a 
power supply, and thereby create the low-voltage levels that cause 
hardware errors and erroneous system resets. 

In addition, prior power management mechanisms for 
notebook computers typically rely on hard coded values for the 
electrical current requirements of the system- Unfortunately, such 
hard coded characterizations of power consumption may cause such a 
system to switch off the display screen backlight during disk drive 
startup even though the actual disk drive installed in the notebook 
consumes less electrical current during spin up than the originally 
Specified the disk drive for the system. Unnecessary power 
management actions such as switching off the screen display backUght 
creates unnecessary annoyances for the computer user and 
imnecessary interruptions in other system functions. 
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The present invention is a computer system that pro^^des 
device specific power characterizations for P^^^^^^'^^^^^^f . 
IZZ^S functions. The computer system indudes a set of devices 
a^d riponding device driver programs. The device dnvex 
!^gLs determhve a device specific power charactenzatxon for 
Ending devices including startup and steady ^-- P;>-^ 
«x^ption indications by measuring the power draw on^e 
^put^r system power supply under device speafic contrc^^^ 
^Lons The device specific power characterizations a- stored ma 
^^tent storage for subsequent use by power control and budgetmg 
functions in the computer system. 

Other features and advantages of the present invention will be 
apparent from the accompanying drawings, and from the detaUed 
description that follows below. 



( 
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PBTCT pEsrRipnoN of the DRAWINGS 

The present invention is illustrated by way of example and not 
limitation in the figures of the accompanying drawings in which like 
references indicate similar elements, and in which: 

Figure 1 illustrates a computer system for one embodiment 
which comprises a processor subsystem, a main memory, a display 
subsystem, a static memory, a floppy disk subsystem, a resident disk 
subsystem, a mass storage subsystem, and a communication 
subsystem; 

Figure 2 illustrates a battery subsystem for one embodiment 
which comprises a battery /power supply, an analog to digital 
converter, and a microprocessor; 

Figure 3 illustrates a battery subsystem for another embodiment 
which comprises a battery, a power supply, and a power meter; 

Figure 4 illustrates a desktop computer or server system for yet 
another embodiment which comprises a processor subsystem, a main 
memory, a keyboard and display subsystem, a floppy disk subsystem, a 
pair of disk subsystems and a communication subsystem; 

Figure 5 illustrates the software architecture of a computer 
system for one embodiment which includes device driver programs 
that perform device specific power characterizations; 

Figure 6 illustrates a method employed by a device driver to 
perform power characterization of a corresponding device; 

Figure 7 illustrates a power characterization of a resident disk 
subsystem which shows the electrical current drawn by the resident 
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disk subsystem as a function of time during the startup phase, the 
steady state phase, and the power off phase of operation; 

Figure 8 illustrates the handling of a power allocation request 
from a requesting device driver by the power budgeter application fc 
one embodiment. 
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pFTAngp PKsrRimoN 

Figure 1 iUustrates a computer system 10 for one embodiment. 
The computer system 10 comprises a processor subsystem 14, a main 
memory 16, and dispUy subsystem 18, and a stadc memory 21. The 
computer system 10 further comprises a floppy disk subsystem 20, a 
resident disk subsystem 22, a mass storage subsystem 24, and a 
commimication subsystem 26. 

The processor subsystem 14 communicates with the main 
memory 16, the display subsystem 18, the floppy disk subsystem 20, the 
static memory 21, the resident disk subsystem 22, the mass storage 
subsystem 24, and the communication subsystem 26 communicate via 
a system bus 28. 

The main memory 16 provides storage areas for an operating 
system, a set of application programs and a set of assodated device 
driver programs and data structures implemented on the computer 
system 10. 

The static memory 21 provides storage areas for a set of basic 
input/output software (BIOS) or a hardware abstraction layer (HAL) 
for the computer system 10. For one embodiment, static memory 21 
comprises a static random access memory with battery power back-up. 
For other embodiments static memory 21 comprises flash memory or 
other forms of non-volatile memory. 

The display subsystem 18 provides a display area that enables 
user interface functions for tiie computer system 10. The dispUy 
subsystem 18 also provides software controllable intensity levels and 
backUghting functions. The amount of electrical current consumption 
of the display subsystem 18 varies according to the display intensity 
and ti\e level of backlighting intensity. 
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The resident disk subsystem 22 is a rotating media mass storage 
device. The electrical power consumption of the resident disk 
subsystem 22 varies according to a set of operating phases. Fdr one 
embodiment, the operating phases of the resident disk subsystem 22 
comprise a startup phase, a steady state phase, and a power off phase. 
The power consumption of the steady state phase varies according to 
the programmed values in a set of inactivity timers for the resident 
disk subsystem 22. The inactivity timers determine the conditions for 
entering sleep states and other power states of the resident disk 
subsystem 22. ^' 

The computer system 10 further comprises a removable mass 
storage subsystem 24 and a removable communication subsystem 26. 
The, mass storage subsystem 24 and the communication subsystem 26 
may be routinely inserted and removed from the computer system 10 
via standardized sockets coupled to the system bus 28. Such 
standardized sockets may comprise, for example. Personal Computer 
Memory Card International Association (PCMCIA) slots. The 
electrical pov/er consumption of the mass storage subsystem 24 and 
the communication subsystem 26 varies according to the 
corresponding operating phases. For one embodiment, the 
communication subsystem 26 comprises a fax modem device. The fax 
modem device consumes an amount of electrical current that varies ( 
according to send or receive or other modem activities, as well as on 
and off and standby power states of the fax modem device. 

For one embodiment, the static memory 21 provides a 
persistent storage for a power characterization table for the devices of 
the computer system 10 including the display subsystem 18, the floppy 
disk subsystem 20, the resident disk subsystem 22, the mass storage 
subsystem 24, and the communication subsystem 26. For other 
embodiments, the persistent storage for a power characterization table 
is provided by the floppy disk subsystem 20, or by the resident disk 
subsystem 22, or by the mass storage subsystem 24 which may be a 
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flash memory, or is obtained remotely via the cximmunication 
subsystem 26. 

A battery subsystem 12 provides dectrical power to the various 
components and devices of the computer system 10 via a set of 
dectrical power lines fliat are included with the sjrstran bus 28. 

Figure 2 illustrates the battery subsystem 12 for one 
embodiment. The battery subsystem 12 comprises a battery /power 
supply 30, an analog to digital converter 32, and a microprocessor 34. 

The battery /pow« supply 30 provides DC electrical currents via 
a set of power lines 46 for the computer system 10. The electrical 
currents supplied by the battery/power supply 30 include a 
predetermined set of fixed voltage levels required by the devices and 
compon^ts coupled to the system bus 28 and may include 5 volts, 12 
volts, and 3.3 volts, or other voltage levels. 

The analog to digital converter 32 samples the voltage levels, 
electrical currmt levels, and temperature levels generated by the 
battery /power supply 30. The analog to digital converter 32 converts 
the sampled analog voltage, current, and temperature signals to digital 
data under the control of the microprocessor 34. 

The microprocessor 34 is programmed with the characteristic 
curves for the battery in the battery /power supply 30. The 
microprocessor 34 uses the digitized voltage, current, and temperature 
levels sensed from the battery /power supply 30 to determine the 
amounts of electrical power available from the battery subsystem 12. 

The processor subsystem 14 communicates with the 
microprocessor 34 via a set of battery control Unes 42. The processor 
subsystem 14 transfers battery messages to the microprocessor 34 via 
the battery control lines 42 to query the power levels of the 
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battery /power supply 30. The battery messages may include an 
at.rate^ok message. The at.rate.ok battery message from the 
processor subsystem 14 includes an electrical current value. The 
microprocessor 34 processes the at_rate_ok message by determining 
whether the specified electrical current level is available from the 
battery /power supply 30. The microprocessor 34 flien transfers a 
Boolean true or false response message to the processor subsystem 14 
via the battery control lines 42 to indicate whether the requested 
electrical current level is available. 

The battery messages from the processor subsystem 14 also may 
include an at.rate_time_remaining message. The 
at.rate^time.remaining battery message includes an electrical 
current value. The nciicroprocessor 34 processes the 
at_rate_time_remaining message by determining the amount of time 
that the specified electrical current level is available from the 
battery/power supply 30, The microprocessor 34 then transfers the 
indicated time remaining in a message to the processor subsystem 14 
via ttie battery control lines 42. 

The battery messages also include messages that enable the 
processor subsystem 14 to query the amount of electrical current being 
supplied by the battery/power supply 30. The processor subsystem 14 ( 
transfers the battery query messages to the microprocessor 34 in order 
to sample the electrical current generated by the battery/power supply 
30 at any given time. 

Figure 3 illustrates the battery subsystem 12 for another 
embodiment which comprises a battery 36, the power supply 38, and a 
power meter 40. The battery 36 supplies electrical current to the power 
supply 38. The power supply 38 generates the various electrical 
currents at the voltage levels required by the components and devices 
of the computer system 10. The electrical currents are supplied to the 
computer system 10 via a set of power lines 48. 
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The power meter 40 measures the electrical current levels . . 
g^erated by the battery 36 and the power supply 38. The processor 
subsystem 14 reads the electrical current level sensed by the power 
meter 40 via a set of signal lines 44. The power meter 40 enables the 
processor subsystem 14 to sample the electrical current levels 
generated by the battery subsystem 12 at any given time- 
Figure 4 illustrates a desktop computer or server system 50 for 
yet another embodiment The system 50 comprises a processor 
subsystem 54, a main memory 56 and a keybpard and display 
subsystem 58. The system 50 further comprises a floppy disk 
subsystem 62, a pair of disk subsystems 64 and 66 and a 
conununication subsystem 68. 

The processor subsystem 54 communicates with the main 
memory 56, the keyboard and display subsystem 58, the floppy disk 
subsyston 62, the disk subsystems 64 and 66, and the communication 
subsystem 68 via a system bus 70. The main memory 56 provides 
storage areas for an operating system, a set of application programs 
and a set of associated device driver programs and data structures 
implemented on the system 50. 

The system 50 further comprises a power supply 52, a power 
meter 60, and a static memory 71. the power supply 52 receives an 
alternating current (AC) input and generates direct current (DC) 
output for the devices and components of the system 50 via a system 
bus 70. The static memory 71 provides storage areas for a set of basic 
input/output software (BIOS) as well as a power characterization table 
for ttie devices of the system 50. The power meter 60 enables the 
processor subsystem 54 to read the electrical current levels supplied by 
the power supply 52 to the system 50. The processor subsystem 54 
reads the electrical current levels via a set of signal lines 74 to the 
power meter 60. 
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The processor subsystem 54 employs the power meter 60 to 
measure the amounts of electrical current required by the keyboard 
and display subsystem 58, the floppy disk subsystem 62, the disk 
subsystems 64 and 66, and tiie commimication subsystem 68. The 
processor subsystem 54 measures the electrical current required by 
each device for the differing operating phases of each device. For 
example, the processor subsystem 54 uses the power meter 60 to 
measure the electrical current drawn by the disk subsystem 64 during a 
startup phase while the disk spins-up, during a steady state phase 
wher^ the disk rotates at a constant angular velocity, and during a 
power off phase. The processor subsystem 54 stores the electrical 
current requirements of the devices in an internal power 
characterization table in a persistent storage such as the static memory 
21 or a disk or flash memory subsystem. 

Figure 5 illustrates itie software architecture of the computer 
system 10 for one embodiment The software architecture of the 
computer system 10 comprises application programs including a pair 
of application programs 80 and 82. The application programs 80 and 
82 invoke the system services provided by an operating system (OS) 
88. The operating system 88 enables the application programs 80 and 
82 to access hardware devices of the computer system 10 via the 
corresponding device driver programs. 

For example, the operating system 88 enables the application 
programs 80 and 82 to access the resident disk subsystem 22 through a 
disk device driver 94. For one embodiment, the disk device driver 94 
invokes services of a set of basic input/output software (BIOS) 92 to 
access the resident disk subsystem 22. 

The operating system 88 enables the application programs 80 
and 82 to access the communication subsystem 26 through a 
communication device driver 96. The operating system 88 also 
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enables the appUcation programs 80 and 82 to access the mass storage 
subsystem 24 through the device driver 98 that corresponds to the 
mass storage subsystem 24. 

The software architecture of thfe computer system 10 further 
comprises a power coordinator 90 and a power budgeter application 84. 
The power budgeter appUcation 84 accesses a power characterization 
table 86 in the static memory 21 that provides a device specific, power 
characterization for each of the devices of the computer system 10 
including the resident disk subsystem 22, the communication 
subsystem 26, and the mass storage subsystem 24. The device power 
characterizations in the power characterization table 86 indicate the 
electrical power consumed by the corresponding devices under a set of 
corresponding operating phases of the devices. 

For one embodiment, the BIOS 92 includes a set of battery 
driver routines. For one embodiment, the battery driver routines in 
the BIOS 92 enable tiie transfer of messages to and from the 
microprocessor 34 via the battery control Unes 42. The battery driver 
routines of the BIOS 92 enable application programs and device driver 
programs executing on the computer system 10 to transfer battery 
messages to the battery subsystem 12. The battery driver routines in 
the BIOS 92 enable application programs and device driver programs 
to query the electrical current levels being supplied by the battery 
subsystem 12. The battery driver routines in the BIOS 92 also enable 
appUcation programs and device driver programs to transfer 
at_rate_ok and at^rate_time_remaining messages to the battery 
subsystem 12 and to receive corresponding response messages from 
the battery subsystem 12. For other embodiments, the battery driver 
routines are implemented in a hardware abstraction layer or in a 
separate battery driver. 

For an alternative embodiment, the battery driver routines 
enable read access to the power meter 40. The battery driver routines 
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enable application programs and device driver programs to measure 
the electrical current levels being supplied by the battery subsystem 12 
to the compute system 10. 

For one embodiment, the power coordinator 90 enables access 
to tiie battery driver routines of the BIOS 92 from the power budgeter 
application 84^ the disk device driver 94, the communication device 
driver 96 and the device driver 98. For another embodiment, the 
power budgeter application 84, the disk device driver 94, the 
communication device driver 96, and the device driver 98 each 
directiy access the battery driver routines of the BIOS 92. 

For one embodiment, the device driver programs of the 
computer system 10 each j>erform device power characterization 
functions on the corresponding devices. The disk device driver 94 
performs power characterization functions for the resident disk 
subsystem 22. Similarly, the commtmication device driver 96 
performs device power characterization functions for the 
communication subsystem 26, and the device driver 98 performs 
device power characterization functions for the mass storage 
subsystem 24. For an alternative embodiment, the device power 
characterization functions are performed for all devices by a power 
characterizer 99. 

The disk device driver 94, the communication device driver 96, 
and the device driver 98 each transfer the corresponding device power 
characterizations to the power budgeter application 84 through the 
power coordinator 90. The power budgeter application 84 stores the 
device power characterizations in the power characterization table 86. 

The power budgeter application 84 receives power allocation 
requests from application programs and device driver programs 
tfirough the power coordinator 90. Each power allocation request 
specifies an operating phase of the corresponding requesting device* 
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Ftor example, the disk device drive issues power allocation requests 
tfiat specify either the startup phase, the steady state phase, or the - 
power off phase of the resident disk subsystem 22. 

In response to a power aUocation request, the power budgeter 
appUcation 84 queries the battery subsystem 12 to determine the 
amount of electrical power available- For other embodiments in 
desktop or server systems, a power allocation request causes the power 
budgeter application 84 to query the system power supply to determine 
the amount of electrical power available to perform power sequencing 
functions. 

The power budgeter application 84 determines the amount of 
electrical powCT required for the specified operating phase of the 
requesting device by accessing the power characterization table 86. The 
power budgeter appUcation 84 compares the information logged in the 
power characterization table 86 with the amount of avaUable power to 
determine whether the battery subsystem 12 can satisfy the power 
allocation request. 

Figure 6 Ulustrates a method employed by a device driver to 
perform power characterization of a corresponding device. For 
example, the disk device driver 94 employs the process steps shown to 
perform power characterization for the resident disk subsystem 22. 

At block 100, the disk device driver 94 switches off the device 
being characterized, in this example the resident disk subsystem 22, 
and places the remaining devices into a steady power state. At block 
102 the disk device driver 94 measures the electrical current 
consumption of the computer system 10 dso)- The disk device driver 
94 measures the electrical current consumption of the computer 
system 10 by measuring the electrical current being drawn from the 
battery subsystem 12. 
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For one embodiment, the disk device driver 94 measures the 
system electrical power consumption by invoking the battery driver 
routines of the BIOS 92 to transfer battery query messages to the 
microprocessor 34. The battery driver routines of the BIOS 92 enables 
the disk device driver 94 to query the microprocessor 34 for the 
dectrical currents being supplied via ttie power lines 46. For another 
embodiment, the disk device driver 94 determines system power 
consumption by reading the power meter 40 via the signal lines 44. 

At block 104, the disk device driver 94 switches on the device 
being characterized, in this example the resident disk subsystem 22. 
Thereafter at block 106, the disk device driver 94 periodically samples 
tiie system electrical current consumption for the computer system 10 
until a steady state level of electrical current consimiption is reached. 
The periodic sampling of system power consumption at block 106 
yields a set of electrical current values ls(0 where t represents time. 

At block 108, the disk device driver 94 determines the electrical 
current consumption for the resident disk subsystem 22 according to 
the following equation: 

lD(t) * Is<t) - ISO. 

At block 110, the disk device driver 94 determines the startup 
time and the startup electrical current for the device being 
characterized. The disk device driver 94 determines the startup time 
and tiie startup electrical current for the resident disk subsystem 22 by 
examining the electrical current consumption Ip(t). 

At block 112, the disk device driver 94 determines the steady 
state electrical current for the device being characterized. The disk 
device driver 94 determines the steady state electrical current for the 
resident disk subsystem 22 by examining the electrical current 
consumption lD(t>- 
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Thereafter, at block 114 fl\e disk device driver 94 transfers the 
startup time, the startup electrical current and the steady state 
electrical current for the device being characterized, in this example 
the resident disk subsystem 22, to tiie j>ower budgeter application 84 
through the power coordinator 90. The power budgeter application 84 
tiien stores the power characterization including the startup time, the 
startup electrical current and the steady state electrical current for the 
resident disk subsystem 22 into the power characterization table 86. 

^ Figure 7 illustrates a power characterization of the resident disk 

subsystem 22 for one embodiment. The graph shown represents the 
dectrical current drawn by the resident disk subsystem 22 as a function 
of time during the startup phase, the steady state phase, and the power 
off phase of operation. 

The startup time and electrical current gradient shown occurs 
while the internal rotating magnetic media of the residett disk 
subsystem 22 spins up to tiie appropriate angular velocity during the 
startup phase. During the startup phase, the electrical current 
consumption for the resident disk subsystem 22 gradually rises to a 
peak electrical current draw from the battery subsystem 12. Thereafter, 
tiie electrical current consumption of the resident disk subsystem 22 
( drops to a steady state current levd during the steady state phase of 

normal operation. 

The disk device driver 94 examines the profile of electrical 
curr^t consumption by the resident disk subsystem 22 to determine 
the startup time as shown as well as the startup electrical current and 
the steady state electrical current required by the resident disk 
subsystem 22. The disk device driver 94 stores the sUrtup dme, the 
startup electrical current, and the steady state electrical current 
required by the resident disk subsystem 22 into the power 
characterization table 86. The disk device driver 94 subsequently uses 
the startup time, the startup electrical current, and the steady state 
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electrical current values stored required in the power characterization 
table 86 to process power allocation requests from devices in the 
computer system 10. 

Figure 8 illustrates die hsmdling of a power allocation request 
from a requesting device driver by the power budgeter application 84 
for one embodiment. The requesting device drivers of the computer 
system 10 include the disk device driver 94, the communication 
device driver 96, and the device driver 98. Each requesting device 
driver transfer power allocation requests for corresponding requesting ^ 
devices to the power budgeter application 84 through the power 
coordinator 90. 

At block 130, the power budgeter application 84 begins 
processing a power allocation request by reading the required startup 
and steady state power for the requesting device from the power 
characterization table 86. Thereafter, at decision block 132 the power 
budgeter application 84 queries the battery subsystem 12 to determine 
whether the required power for the requesting device is available. For 
one embodiment, the power budgeter application 84 uses the 
at_rate_ok battery message to the microprocessor 34 to determine 
whether the required power for startup and other system functions is 
available from the battery subsystem 12. C 

If the required power for the requesting device is not available 
at decision block 132 ttien control proceeds to block 134. At block 134, 
the power budgeter application 84 determines a power control option 
for handling the lack of available power according to system power 
policy. For one embodiment, the power control options are user 
preselected default options for the system power maoiagement 
software. The user power control options may include, for example, 
load shedding functions such as switching one of the other devices of 
the computer system 10 into an off mode or a standby mode that 
reduces power consumption froin the battery subsystem 12. 
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Thereafter at block 138, the power budgeter application 84 . 
performs the selected user option. Control then proceeds bade to. . 
decision block 132 to again determine whether the requested power 
allocation for the requesting device is available. 

If the query of the battery subsystem 12 or power supply at 
decision block 132 indicates that the required power for the requesting 
device is available, then control proceeds to blodc 136. At block 136, 
the power budgeter appUcation 84 allocates the startup power spedfied 
* in tiie power characterization table 86 to the requested device. 

After the startup time specified in the power characterization 
table 86 for the requesting device, the power budgeter application 84 
detamines the time remaiiung for the battery subsystem 12 at block 
140. This step is not required in a non battery-based system. The 
power budgeter application 84 detennines the time remaining at the 
steady state electrical ctirrent of the requesting device spedfied in the 
power characterization table 86 while taking into account the power 
consumption of the remainder of the computer system 10. For one 
embodiment, the power budgeter application 84 uses the 
at_ratc_time_remaining battery message to the microprocessor 34 to 
( determine the time remaining for the battery subsystem 12. 

Thereafter, the power budgeter application 84 optionally notifies the 
user of the remaining time available from the battery subsystem 12. 

In the foregoing spedfication tiie invention has been described 
with reference to spedfic exemplary embodiments thereof. It will, 
however, be evident that various modifications and changes may be 
made thereto without departing from the broader spirit and scope of 
the invention as set forth in the appended daims. The spedfication 
and drawings are accordingly to be regarded as illustrative rattier tiian 
a restrictive sense. 
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What is claimed is: 

1. A computer system having at least one device and executing a 
program that determines a device specific power characterization for 
the device and that stores the device specific power characterization in 
a persistent storage for subsequent use by a power budgeting function 
in the computer system. 

2. The computer system of claim 1, wherein the device specific 
power characterization specifies an amount of power consumption by 
the device for each of a set of operating phases of the device. 

3. The computer system of claim 2, wherein the operating phases 
of the device include a startup phase that corresponds to a startup time 
between a power off phase of the device to a steady-state phase of the 
device. 

4. The computer system of claim 2, wherein the operating phases 
of tiie device include a steady state phase wherein the amount of 
power consumption by the device remains at a relatively constant 
level. 

5. The computer system of claim 1, wherein the program 
determines the device specific power characterization for the device by 
determining a difference between an amount of power consumption 
by the computer system while the device is switched on and an 
amount of power consumption by the computer system while the 
device is switched off. 

6. The computer system of claim 5, wherein the program 
measures the amount of power consumption by the computer system 
while the device is switched on and the amount of power 
consumption by the computer system while the device is switched off 
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using a power meter coupled to a power supply of the computer 
system. 

7. The computer system of claim 5, wherein the program 
measures the amount of power consumpHon by the computer system 
while the device is switched on and the amount of power 
consumption by the computer system while the device is switched off 
uang a battery subsystem that includes a microprocessor and an 
analog to digital converter for measuring an amount of electrical 
current supplied to the computer system. 

8. The computer system of daim 1, wherein the program is a 
device driver program corresponding to the device. 

9. A power management method in a computer system, 

comprising the steps of: 

determining a device specific power characterization for at least 

one device in the computer system; 

storing the device specific power characterization in a persistent 
storage for subsequent use by a power budgeting function in the 
computer system. 

10. The method of claim 9, wherein the device specific power 
characterization specifies an amount of power consumption by the 
device for each of a set of operating phases of the device. 

11. The method of daim 10, wherein the operating phases of the 
device include a startup phase that corresponds to a startup time 
between a power off phase of the device to a steady state phase of the 
device. 

12. The method of daim 10, wherein the operating phases of the 
device indude a steady state phase wherein the amount of power 
consumption by the device remains at a relatively constant level. 
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13. The method of claim 9, wherein the step of determining a 
device specific power characterization comprises the step of 
determining a difference between an amount of power consumption 
by the computer system while the device is on and an amoimt of 
power consumption by the computer system while the device is off. 

14. The method of claim 13, wherein the step of determining a 
difference between an amount of power consumption by the 
computer system comprises the step of measuring the amount of 
power consumption by the computer system using a power meter 
coupled to a power supply of the computer system. 

15. The method of claim 13, wherein the step of determining a 
difference between an amoimt of power consumption by the 
computer system comprises the step of measuring the amount of 
power consumption by the computer system using a battery subsystem 
that includes a microprocessor and an analog to digital converter for 
measuring an amount of electrical current supplied to the computer 
system. 

16. A power management apparatus in a computer system, 
comprising: 

means for determining a device specific power characterization 
for at least one device in the computer system; 

means for storing the device specific power characterization in a 
persistent storage for subsequent use by a power budgeting function in 
the compute system. 

17. The apparatus of claim 16, wherein the device specific power 
characterization specifies an amount of power consumption by the 
device for each of a set of operating phases of the device. 
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18. The apparatus of claim 17, wherein the operating phases of the 
device include a startup phase that corresponds to a startup time: 
between a power off phase of the device to a steady state phase of the 
device. 

19. The apparatus of daim 17, wherein the operating phases of the 
device indude a steady state phase wherein the amount of power 
consumption by the device remains at a relatively constant level. 

^ 20. The apparatus of daim 16, wherein the means for determining 

a device specific power characterization comprises means for 
determining a difference between an amount of power consumption 
by the computer system while the device is on and an amount of 
power consumption by the computer system while the device is off. 

21. The apparatus of claim 20, wherein the means for determining 
a difference between an amoimt of power consumption by the 
computer system comprises a power meter coupled to a power supply 
of the computer system. 

22. The apparatus of claim 20, wherein the means for determining 
a difference between an amoimt of power consumption by the 

( computer system comprises a battery subsystem that includes a 

microprocessor and an analog to digital converter for measuring an 
amount of electrical current supplied to the computer system. 
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Switch off the Device Being Characterized 
and Place Remaining Devices in a Steady-Power State 
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Measure the System Electrical Current 
Consumption dso^ 
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Switch on the Device Being Characterized 
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Periodically' Sample the System Electrical 
Current Consumption to Generate Is(t) for 
t= 1, 2, . . , n Until Steady State 
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Determine the Electrical Current Consumption for 
the Device Being Characterized Ij^tt) = Is(t) • Iso 
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Determine the Startup Time and the Startup Electrical 
Current for the Device Being Characterized From lD(t) 
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Determine the Steady State Electrical Current for 
the Device Being Characterized from IjyiXi 
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Update the Power Characterization 
. Table in Persistent Storage 
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End 
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